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Introduction.
Chronic pain is a growing social problem with substantial human and economic costs.
For example, the Canadian Pain Society estimates that the cost in terms of medical expenses and lost workdays exceeds $60 billion/year. One in five adults is affected, and the prevalence increases rapidly with age (Fayaz et al., 2016) . Thus, after age 65, half of all individuals have at least one chronic pain condition. https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/index-eng.cfm).
Extrapolating to the global scale, current projections for geriatric pain and its management are alarming. A lack of understanding of the unique characteristics and special needs in geriatric populations has led to the suggestion that geriatric pain should be considered a sub-field, as is currently the case for pediatric pain (Gagliese, 2009 ).
Aging and pain experience:
Many studies have investigated the impact of aging on the experience of pain in clinical populations, typically assessing responses to increasing intensity of various stimuli with measurement of pain perception threshold (intensity of the stimulus when subject starts to experience pain) and tolerance (maximal intensity of the stimulus that the subject could bear). The literature using pain perception thresholds suggests increased resistance to experimental pain with age. In contrast, experimental pain tolerance is largely unaffected by age. An increase in pain perception thresholds associated with no change in pain tolerance suggests that aging induces a narrowing of 4 the entire pain sensitivity range in elderly (for review see (Lautenbacher et al., 2017) ). In other words, the range of pain intensity between the moment a patient begins to express pain and the moment when the same pain becomes unbearable narrows with age.
Therefore, we should question whether the generalizability of our strategies to assess and manage pain from younger to older subjects.
However, the pain experience is too complex to be fully captured in simple measures of pain perception or tolerance. Between the perception of a discomfort and the verbal or behavioural expression to that discomfort, a plethora of neurocognitive processes are engaged. Moreover, the relationship between pain perception and expression is probably not linear and is likely to be distorted by age.
Chronic pain and quality of life (QOL):
The way chronic pain is experienced, expressed and overcome varies with age (from infant to senior), but patients of all ages report significant impairments in their overall quality of life, including sleep quality, general functioning, cognitive ability, physical function, and social life (Turk et al., 2016) ). Thus, pain is the most commonly endorsed cause of disability (Patel et al., 2013) , affecting basic activities of daily living (e.g., bathing), instrumental (e.g., housework), and mobility function (e.g., walking a quarter of a mile) (Leveille et al., 2002) . The increased prevalence of pain and its interference with daily life results in the gradual social isolation of the patient and a loss of autonomy in the elderly.
However, relatively few studies have investigated geriatric pain using objective, physical and functional performance measures (Patel et al., 2013; Turk et al., 2016) , and the majority of reports continue to use tools such as cutaneous pain thresholds and tolerance.
Despite an increasing number of studies describing this phenomenon, basic research has made little progress. (Fahlstrom et al., 2011; Traschutz et al., 2017) . In the sensory domain, while aging is typically associated with increased sensitivity to tonic pain (Millecamps et al., 2012; Pickering et al., 2006) , the literature on chronic pain is inconsistent (Bishay et al., 2013; Weyer et al., 2016) . The aim of this study was to document changes in behavioural responses to painful stimuli (cutanenous sensory thresholds and behavioral responses to tonic and chronic pain models) between young and geriatric mice suggestive of altered pain experience. The ultimate goal was to evaluate the clinical relevance to use animal models to better understand geriatric pain. We also looked for clues associated with supra-spinal plasticity that may interfere with pain processes. Extruded Rodent Diet, Irradiated) and water ad libitum. Animals were given a minimum 14-day habituation period to our facility before any manipulation.
Methods
Animals arrived in our facility at 2 months of age. Older groups were aged in house.
After 18 (Zimmermann, 1986) .
Pain Modalities:

Cutaneous Thresholds:
Mechanical sensitivity was measured using von Frey filaments ranging from 0.008g to 4g (Stoelting Co., Wood Dale, IL) on the plantar surface of the hindpaw. Filaments were applied with increasing force to the plantar surface of the hindpaw for 4 seconds or until paw withdrawal. Results are expressed as the 50% threshold to withdraw in grams using the up-and-down method for von Frey filaments as previously described (Chaplan et al., 1994) .
Heat sensitivity was assessed by the latency to withdraw the right hind paw from a heat stimulus (Hargreaves et al., 1988) . Briefly, mice were placed in Plexiglas cages on top of 7 a glass sheet. A heat stimulus (IITC Life Science Inc, Woodland Hills, CA) was focused onto the center of the plantar surface of the hindpaw. Withdrawal latencies were measured 3 times at 10-minute intervals, and the average was calculated. A cut-off of 17 seconds was set to prevent tissue damage.
Tonic stimuli (pain lasting for few minutes):
Acetone test. The total duration of acetone-evoked behaviours (e.g. flinching, licking or biting) were measured in seconds for 1 min after a drop of acetone (25 µL) was applied to the plantar surface of the hindpaw using a blunt needle connected to a 1ml-syringe (Choi et al., 1994) . Increased behavioural response to acetone suggests the development of cold hypersensitivity.
Capsaicin assay. The total evoked nocifensive (biting, scratching, liking, and checking) or guarding (paw elevation) behaviours were measured for 5 min following a plantar injection of capsaicin (Sigma-Aldrich, 2.5 µg in 5 µL of vehicle (0.25% DMSO, 0.25% ethanol, 0.125% Tween-80 in saline)) or 5 µL vehicle alone (Millecamps et al., 2012) .
Chronic Neuropathic Pain:
Partial Sciatic Nerve Ligation (PSNL) was performed according to the method of Seltzer et al. (Seltzer et al., 1990) , adapted to mice (Malmberg and Basbaum, 1998) . Briefly, mice were anesthetized with isoflurane (3% for induction and maintenance; Baxter Corporation) and under aseptic conditions the left sciatic nerve was exposed at high-thigh level. The dorsum of the nerve was carefully freed from surrounding connective tissues at a site near the trochanter just distal to the point at which the posterior biceps semitendinosus nerve branches off the common sciatic nerve. An 8-0 silk suture was inserted into the nerve with a 3/8 curved, reversed-cutting mini-needle, and tightly ligated so that the dorsal 1/3-1/2 of the nerve thickness was trapped in the ligature. The wound was then closed with two to three skin sutures (4-0) (Lim et al., 2014) .
Behaviour:
Animals were habituated to the testing room for 60 minutes at the beginning of each test day. Except for the von Frey and acetone tests which were conducted in parallel, only one behavioural assay was performed each morning or afternoon to avoid interference between procedures. All testing was conducted between 9:00 AM and 3:00 PM by a single experimenter blind to condition or age group, and the equal blocks method was used. All behavioural measures have been extensively described in previous studies (see below).
Quality of Life (QOL)-based assays:
Elevated plus Maze (anxiety-like behaviour): An elevated plus maze apparatus, built inhouse, was placed in a quiet room illuminated with white light to test for anxiety-like behaviour. Shaped like a plus sign, it consists of a central platform (5 × 5 cm), two open arms (5 × 30 cm) and two enclosed arms (5 × 30 × 15 cm) opposite to each other. The entire apparatus was elevated to a height of 50 cm above the floor. Mice were individually placed at the intersection of the four arms and their spontaneous behaviour was videotaped for 10 minutes and the total time spent in the closed arms was scored by an observer blind to experimental condition (Vachon et al., 2013) .
Tail suspension test (depression-like behaviour) was first developed by Steru et al. (Steru et al., 1985) to evaluate anti-depressant drug efficacy. Each mouse was suspended 30 cm above the floor by the tail (Millecamps et al., 2012) . The behaviour was recorded for 7 min. Images were captured through a video camera. Time spent in immobility during the 9 last 4 min of the 7 min session (Cryan et al., 2005) was measured by an observer blind to experimental condition using AnyMaze software.
Novel Object Recognition (NOR; Locomotor and Cognitive capacities):
Cognitive function was assessed using a visual non-selective, non-sustained attention task. A 2session protocol was used for this test. During the first session (Day 1: training-session), mice were placed in the middle of a Plexiglas arena (50x50x30 cm) and were free to explore the entire arena for 10 minutes in the presence of 2 identical objects (the familiar objects). 24 hours later, mice were re-introduced in the same arena, but one familiar object was replaced with a novel one (Day 2: testing-session). The time spent sniffing, licking, or physically exploring the objects while facing them was defined as exploration time. The identity of the familiar and novel objects and the position of the novel object (left or right) were counterbalanced within each group to reduce possible bias due to location or object preference. Both apparatus and objects were cleaned thoroughly between trials with 0.001% Windex® in water, rinsed with a wet sponge and dried with a clean towel. This typically takes 2-3 minutes and then we wait at least 1 additional minute before introducing a new animal to the apparatus. A similar procedure was is used for other behavioural apparatus including the elevated plus maze (Gregoire et al., 2017) .
Both sessions 1 and 2 were video-recorded for 10 min and analyzed by an observer blind to experimental condition using AnyMaze software. Only results from the testing-session (Day 2) are presented in the present report. Curiosity was calculated as the total time spend exploring both objects within the enclosure, while cognitive capacity was calculated as the percentage of time spent exploring the new versus the familiar object.
Pain Aversion assays
Lateralized avoidance task (Symptomatic task). The Place Escape/Avoidance Paradigm assay (LaBuda and Fuchs, 2001) task was conducted as adapted for mice (Gregoire et al., 2017) . The place avoidance apparatus consisted of a light/dark box apparatus (25 x 25 x 50 cm) positioned on top of a mesh screen, placed in a quiet room illuminated with dim white light. The chamber was divided into two equal compartments (one black and one white), separated by a wall with a 7x7 cm opening. A supplemental 9 W-120 V bulb was placed above the white uncovered compartment to increase aversion. Animals were placed into the white chamber and allowed to freely move throughout the apparatus for the duration of a 30-min test period. A 9.804 mN (filament 4.08, 1g, Stoelting Co., Catalog# 58011) von Frey monofilament was applied to the plantar surface of a hindpaw every 15 s. The left (ipsilateral injured or sham) paw was stimulated in the black chamber, and the right (contralateral un-disturbed) paw in the white chamber. This paradigm creates a conflict between the aversive light compartment and aversive noxious mechanical stimulation in the dark compartment. The percentage of stimulation in the light chamber was calculated for every 5 min of testing (for details, see Labuda and Fuchs, 2001) and was expressed as the animal's preference. As the innate preference of a mouse is for the dark environment, the time spent in the light compartment is a measure of the aversion to mechanical stimulation of the injured paw relative to aversion to the light compartment (Millecamps et al., 2007) . Bilateral, control avoidance task (Asymptomatic control task). To control for cognitive decline, a control task was performed using the same dark/light box placed on two hot plates attached together. The hotplate constituting the floor of the black compartment was set at 35°C (not painful) or 50°C (painful), and the hotplate constituting the floor of the white compartment was set at 35°C (not painful). Animals were introduced into the black compartment and the time spent in each of the compartments was counted for 10 minutes.
A lack of aversion in the lateralized avoidance task (with floor of the black chamber set at 50°C) by neuropathic animals, but not in the bilateral control task, was interpreted as impaired integration of the chronic neuropathic nociceptive signal from the injured paw.
In other words, nerve-injured animals are physically, physiologically and cognitively capable of avoiding painful stimulus associated with a dark chamber but do not do so when only the neuropathic leg is used as a motivation. The development of avoidance to the dark chamber in the control task in young and geriatric sham mice further indicates that increased aversion to white light in the geriatric is unlikely to be a confound in this study. The illumination system as well as the compartment boxes used for the symptomatic ( Figure 7A ) and asymptomatic ( Figure 7D ) tasks were identical. Between the two experimental paradigms, only the nature of the floor changed (symptomatic: wire mesh floor, asymptomatic: solid, heated metal floors).
Biochemistry:
Tissue extraction: Animals were sacrificed 17 days after nerve injury or sham surgery by decapitation under deep isoflurane anesthesia (5%). The frontal cortex was harvested according to the stereotaxic coordinates (rostral-caudal (right and left): +1 to +3; mediallateral: -1 to +1, and dorsal-ventral: 0 to -2.5; from bregma) by Paxinos and Franklin (2004) . Tissue was fast frozen on dry ice and stored at -80 C until use. 
Analysis of catecholamines
Data analysis:
Comparisons between young and old, sham and injured mice were performed using 1-or 2-way, repeated-or not-repeated-measures analysis of variance followed by Sidak, or the 2-tailed Student t-test, as indicated in the legend of each figure.
Outliers, as identified by the ESD method (extreme studentized deviate, Grubbs' test, Alpha = 0.05), were identified and excluded from the experimental set of data, as indicated in the legend of each figure. All data are expressed and plotted as mean ± SEM. P < 0.05 was considered statistically significant. All statistical analyses were performed using GraphPad 6.0 prism software.
Results.
Healthy aging and affective, locomotor and cognitive capacity in mice:
To evaluate the effect of aging on emotional status, locomotor and cognitive capacities, young and geriatric mice were evaluated in various behavioural assays. No differences were observed between young and geriatric mice in anxiety-like ( Fig. 1A , unpaired 2tailed t-test, t=0.83, df=48) and depression-like behaviour (Fig. 1B , unpaired 2-tailed ttest, t=0.22, df=48) suggesting that no emotional disturbances were associated with aging in mice in our conditions. In the novel object recognition (NOR) assay, young and old cohorts of mice presented similar motor and exploratory patterns (Fig. 1C , D, unpaired 2tailed t-test, t=1.62, df=48 and t=0.40, df=48, respectively). Consistent with previous reports, aging mice displayed significant cognitive impairment ( Fig. 1E , unpaired 2-tailed t-test, t=2.59, df=48) compared to young mice (Fahlstrom et al., 2011; Traschutz et al., 2017) .
Aging and cutaneous sensory thresholds:
To evaluate the effect of aging on cutaneous thresholds, mechanical and heat stimuli were used in naive young and geriatric mice. Both age groups presented similar withdrawal thresholds and latencies in response to mechanical and heat stimuli, respectively ( Fig. 2A&B , unpaired 2-tailed t-test, t=1.01, df=47 and t=1.09, df=21, respectively).
Healthy aging and behavioural response to tonic painful stimuli:
To evaluate the effect of aging on tonic painful stimuli, behavioural responses to the application of acetone or injection of capsaicin at the plantar surface of the hindpaw was evaluated in naive young and geriatric mice. Geriatric animals exhibited prolonged acetone-evoked behaviour compared to their younger counterparts (Fig. 3A , unpaired 2-tailed t-test, t=2.46, df=48), suggesting the development of hyper-sensitivity or -responsiveness to cooling stimuli with aging. When animals received an intra-plantar injection of 2.5 µg of capsaicin, both young and geriatric mice responded similarly exhibiting nocifensive behaviours (alternating licking and flinching of the injected paw, Fig. 3B , unpaired 2tailed t-test, t=1.36, df=8). However, geriatric animals demonstrated prolonged guarding behaviour compared to young animals, who promptly returned the injected hindpaw to the floor after initial acute behavioural response was over (Fig. 3C , unpaired 2-tailed ttest, t=4.54, df=8).
Altered development of chronic neuropathic pain with aging:
To evaluate the impact of aging on chronic neuropathic pain, young and old animals received either a partial sciatic nerve ligation (PSNL) or a sham surgery. Seven days after the injury, cutaneous sensitivity to mechanical and behavioural response to cold stimuli was assessed.
Both young and geriatric neuropathic mice presented a significant decrease in cutaneous thresholds to mechanical stimuli compared to their respective age-matched sham controls ( Fig. 4A&B , unpaired 2-tailed t-test, t=3.68, df=12 and t=3.14, df=35, respectively), confirming the development of chronic neuropathic state following PSNL in both age groups. As expected, young-PSNL animals exhibited a significant increase of plantar acetone-evoked behaviours compared to age-matched sham control animals (Fig. 5A , unpaired 2-tailed t-test, t=2.92, df=11). In contrast, geriatric-PSNL mice were not more reactive than age-matched sham controls (Fig. 5B , unpaired 2-tailed t-test, t=0.76, df=37).
This second observation suggests that chronic neuropathic pain presents differently in older animals.
Absence of contralateral effects of chronic neuropathic pain regardless of age:
While geriatric mice (naïve and sham) are more responsive to tonic pain (acetone and capsaicin assays, Fig. 3&5 ), they do not display increased sensitivity to acetone after nerve injury (Fig. 5B ) on their ipsilateral foot. This suggests that chronic neuropathic pain may develop differently from one age to another. Before going any further, we first explored how chronic neuropathic discomfort on one leg impacts the contralateral side with aging. For that, cutaneous sensory thresholds to mechanical stimuli and behavioural responses to the plantar application of acetone or injection of 2.5 µg of capsaicin (intraplantar) to the right, uninjured, contralateral hindpaw of young and geriatric mice that had received sham or PSNL surgery on the left hindpaw were evaluated 7-10 days after injury (Fig. 6 ). All groups of animals responded with similar mechanical sensitivity ( Fig.   6A , unpaired 2-tailed t-test, sham vs PSNL, t=0.49, df=23 and t=1.25, df=22 for young and geriatric cohorts, respectively), behavioural responses to acetone (Fig. 6B This suggests that chronic neuropathic pain on one paw neither inhibits nor enhances pain processing at other regions of the body at any age in mice.
Does aging induce chronic pain neglect?
To evaluate if aging impacts the aversive aspects of chronic pain, we used conditioned noxious stimuli avoidance paradigms. In these assays, animals have to choose between a) an aversive chamber with non-noxious, hindpaw stimuli (mechanical stimulation of uninjured paw or 35ºC floor) or b) a less aversive chamber paired with noxious stimuli (mechanical stimulation of injured hindpaw or 50ºC floor).
3.6.1. Lateralized avoidance task. The mechanical stimuli chosen for this task produced a similar response rate in young and geriatric naive mice but was not sufficiently noxious on uninjured paws to impair the imbalance between the chambers. Both young and geriatric sham control groups (Fig. 7A, dotted lines) spent the majority of the session in the black chamber, confirming the aversive value of the white chamber.
As previously described in similar experiments (Millecamps et al., 2007) In contrast, during the progression of the assay, geriatric PSNL mice did not switch preference from the black, noxious chamber to the white, non-noxious chamber (Fig. 7A , black line. 2-way repeated measures ANOVA ((geriatric cohort, sham vs PSNL):
pathology factor: F (1, 17) = 2.199, p =0.16, time factor: F (5, 85) = 8.709, p <0.0001 but no-interaction time x pathology: F (5, 85) = 0.4589, p =0.81)). However, geriatric PSNL did withdraw the hindpaw almost every time the filament was applied to the hindpaw corresponding to the injury in the black chamber ( Fig. 7C . unpaired 2-tailed t-test, sham vs PSNL, t=4.19, df=14). Therefore, the lack of conditioned avoidance observed in geriatric PSNL cannot be attributed to reduced perception/discomfort of the mechanical stimuli, but rather suggests negligence of PSNL-associated discomfort.
3.6.2. Bilateral control avoidance task (35 vs 55ºC floor).
The impairment in pain avoidance observed in geriatric PSNL mice in the Lateralized avoidance task (Fig. 7A ) could be a consequence of poor cognitive performance or increased aversion to the white chamber. To rule out these potential confounding conditions, a control task was performed using heated floors.
When This observation suggests that (1) the cognitive impairment that develops with aging (see Fig. 1E ) does not impact conditioned noxious stimuli avoidance paradigm assays, (2) the presence of PSNL in geriatric mice did not exacerbate the anxiogenic aspect of the white chamber in a manner that could interfere with conditioning efficiency, and (3) the lack of conditioning observed in geriatric PSNL mice during the lateralized PSNL-based task is driven by other underlying conditions related to decreases in the aversive state of chronic pain (i.e. chronic pain neglect or desensitization) or chronic pain-induced maladaptive behaviour. To explore whether maladaptive supra-spinal plasticity develops in geriatric mice after nerve injury, we investigated the biochemical signature in neocortex.
Supra-spinal plasticity and chronic pain during aging:
The frontal cortex receives catecholaminergic afferents and in turn projects inhibitory and excitatory efferents throughout the brain (see (Vertes, 2004) ). The quality of communication between the frontal cortex and the rest of the brain is crucial in making decisions and selecting behaviours in response to external stimuli (e.g. pain aversion vs neglect) (Baliki and Apkarian, 2015; Butler et al., 2011) ), we investigated potential changes in local biochemical signature, with a focus on the catecholaminergic molecules. For this study, we focussed on the medial part of the mouse frontal cortex, which includes infra-limbic, were detected across the groups (Fig. 8A ), suggesting no effect of aging or chronic neuropathic pain on signal input.
Those neurotransmitters are primarily metabolized by 2 enzymes: MAO (monoamine oxidase) and COMT (catechol-O-methyltransferase). We therefore also quantified the relative presence of metabolites produced by those two degradation pathways. 3MT (3- 
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In the present study, we investigated differences between young (2-3-month-old) and geriatric (20-24-month-old) mice in measures of affective, motor, cognitive and sensory assays. As expected, geriatric animals demonstrated significant cognitive impairment ( Fig. 1E ) (for example see (Pepeu, 2004) ) that could interfere with behavioural expression of pain (Aman et al., 2016) . In contrast, no signs of increased anxiety, depression or significant motor impairment were observed (Fig. 1A-D) . In the nociceptive domain, cutaneous sensory thresholds (mechanical and heat) were not affected by aging ( Fig. 2A&B ), suggesting that aging does not impact pain threshold/tolerance in rodents (as reported in humans, see section 1.1.). However, geriatric animals demonstrated increased behavioural responses to tonic painful stimuli (Fig. 3 , acetone and capsaicin assays; noxious stimuli lasting less that 5 minutes).
Following peripheral nerve injury, geriatric mice display an altered behavioural profile.
Specifically, while hypersensitivity to mechanical and cooling stimuli developed normally in young PSNL animals, geriatric nerve-injured mice did not show hypersensitivity to acetone application compared to age-matched controls (Fig. 4&5 ). No contralateral effects were observed in any nociceptive assays in young nor geriatric mice ( Fig. 6 ). Finally, conditioned avoidance of noxious stimuli applied to the neuropathic hindpaw was only established in young, but not geriatric, PSNL mice (Fig. 7A) . The absence of chronic neuropathic pain avoidance in geriatric PSNL mice may be due to age-related differences in the impact of chronic pain at the supra-spinal level as geriatric PSNL mice do develop hypersensitivity to mechanical stimuli and perform similarly to young or sham animals in the control task (Fig. 7C ). Supporting this hypothesis, the altered behavioural response pattern to nerve injury in geriatric mice was also associated 21 with abnormal biochemical signature in the frontal cortex suggesting a decrease in COMT function (Fig. 8) .
Aging does not affect cutaneous pain threshold/tolerance:
In the present study, no differences between young (2-3 month) and geriatric (20-24 month) mice were observed sensory thresholds to mechanical or heat stimuli. A review of over 25 studies addressing age-related changes in pain sensitivity were published between 1981 and 2009 with inconsistent results (decreased sensitivity (9/25), increased sensitivity (12/25), no change in sensitivity 4/25) (Yezierski, 2012) . Factors contributing to this variability include species, housing and handling conditions, testing methods, sex and age of animals. In our laboratory, we have previously included old male and female C57/B and CD1 mice as controls for several conditions and consistently observe that plantar hindpaw mechanical withdrawal thresholds are not affected by age (Millecamps et al., 2015; Millecamps and Stone, 2018; Millecamps et al., 2012; Millecamps et al., 2011; Miyagi et al., 2014; Tajerian et al., 2011) . Interestingly, senescence-accelerated prone mouse 6 (SAMP6) mice, a model for accelerated aging, also display normal response patterns in von Frey and hot plate tests (Niimi et al., 2008) . Moreover, given the fact that age does not appear to impact on cutaneous nociceptor density (Jimenez-Andrade et al., 2012; Lauria et al., 1999) , we can confidently conclude that aging does not affect cutaneous sensitivity in rodent. This is also consistent with the human literature (for review see (Lautenbacher et al., 2017) and section 1.1).
Aging and the loss of tonic inhibitory pain modulation:
In the present study, we report the hyper-reactivity to tonic painful stimuli (acetone and capsaicin assays) in geriatric (20-24 month) mice. This observation is consistent with our previous reports 22 using naive mice up to 18 month of age (Millecamps et al., 2015; Millecamps and Stone, 2018; Millecamps et al., 2012; Millecamps et al., 2011; Miyagi et al., 2014; . To our knowledge, no other studies have investigated behavioural responses to plantar acetone or intraplantar capsaicin in geriatric mice.
Responses to intraplantar formalin have been more broadly used as a model of tonic pain in aging rodents with inconsistent results. While some studies conclude that aging is associated with increasing reactivity to formalin-injection that peaks at mid-life (Gagliese and Melzack, 1999) , others show increased reactivity (Sadler et al., 2017) or decreased reactivity (King-Himmelreich et al., 2015) associated with natural or accelerated aging (SAMP6 mice, (Niimi et al., 2008) ).
In humans, cutaneous or subcutaneous application of capsaicin also induces spontaneous discomfort and mechanical hyperalgesia. Discomfort experienced by young (26.9+/-4.6 years) and old (79. 0+/-5.7 years) healthy volunteers have been assessed during and after the application of a capsaicin patch (Zheng et al., 2000) . There was no age effect on the magnitude of spontaneous sensation, flare size or the area of hyperalgesia. In contrast, the mechanical hypersensitivity triggered during cutaneous capsaicin exposure, developed and persisted in older adults for over 3 h test while resolving rapidly in young adults (after 1h). This suggests that in humans, aging is associated with increased or prolonged sensitivity to tonic painful stimuli.
The cold-pressor test is a clinical analogue of a tonic pain model. In a study published in reported were similar across all 3 age groups. In the same study, heat pain threshold was also measured with a thermode applied to the skin of each participant's calf before and during for arm cold immersion. The expected transient increase in heat pain threshold was observed in younger but not in older subjects, suggesting that age impairs descending inhibitory pain modulation (also known as Diffuse Noxious Inhibitory Control (DNIC), a form of Conditioned Pain Modulation (CPM)).
Impaired CPM have been associated with aging in human studies (for review see (van Wijk and Veldhuijzen, 2010) ) and could contribute to the prolonged pain experience following tonic painful stimuli. Moreover, decreased CPM has been associated with chronic pain conditions in human (e.g. fibromyalgia (Heinricher, 2016) ). Despite the clinical relevance and therapeutic potential, CPM is rarely studied in pre-clinical behavioural studies and little is known about it in aging rodents. While further studies should address this question, the prolonged behavioural responses in tonic pain assays observed here in aging mice suggests that pain modulation is also affected by aging in rodents. It is tempting to speculate that decreased CPM with aging is adaptive as it will encourage more caution in older subjects that require a longer recovery period after minor trauma.
Aging, cortical plasticity and the loss of the aversive component of chronic pain:
In the present study, we observed some behavioural and biochemical changes following nerve injury in young vs. geriatric mice. Ten to 17 days following PSNL, geriatric animals developed normal hypersensitivity to mechanical stimuli (Fig. 4B ), but not to skin cooling (Fig. 5B ) in the ipsilateral foot. They also did not adjust behaviour to avoid excessive mechanical stimulation of the neuropathic limb ( Fig 7A) . These data are consistent with studies reporting an attenuation of the behavioural expression of chronic pain in geriatric rodents (Ogbonna et al., 2015; Pickering et al., 2006) that could be driven, in part, by reduced malleability of the nervous system.
The main role of frontal cortex is to collect information from the different senses and to orchestrate a coherent and adapted behavioural response. It also plays a central role in the pain experience (Baliki and Apkarian, 2015) . It has been known for a long time that disconnection of the frontal lobe can profoundly modify the painful experience in humans; thus, frontal lobotomies were once used as a therapeutic intervention in the case of chronic refractory pain (Freeman and Watts, 1948) . While patients with lobotomies could describe the location, intensity, and nature of any pain experienced, they were unable to express any emotional responses or avoidance behaviour from the painful source.
Persistent pain can profoundly reshuffle the frontal cortex at the molecular, structural and functional levels (for review see (Butler et al., 2011; Seminowicz and Moayedi, 2017) ).
Physiologically, the frontal cortex receives catecholaminergic afferents and projects back inhibitory and excitatory efferents to the whole brain (see (Vertes, 2004) ). Prefrontal catecholaminergic tone plays an essential role in pain experience, and behaviour selection.
The synthesis and degradation of catecholamines is controlled by a limited number of enzymes that exhibit natural genetic variations in the population. Variations of the gene encoding for COMT (Catechol-O-methyl transferase, degradation enzyme) accounts for about 10% of the inter-individual variability in pain sensitivity (Diatchenko et al., 2005; Nackley et al., 2007) , analgesic consumption during painful conditions (e.g. cancer, (Rakvag et al., 2008) ), and heavily influences decision-making such as the efficiency of stimulus conflict resolution and efficiency of behavioural response selection (Shehzad et al., 2012) . Biochemical signs of altered COMT activity in the frontal cortex concomitantly with inability to develop conditioned avoidance of a noxious stimuli in our experimental condition is therefore relevant, especially given the task requires decisionmaking based on resolution of conflicting stimuli. This suggests that chronic pain in geriatric individuals may be associated with different patterns of cortical plasticity than in younger subjects and may underpin some maladaptive behaviours toward pain expression.
Limitations:
Given the confounding influence of cognitive decline and altered cortical biochemistry, it is not possible to conclude without further studies whether pain perception or pain expression is altered in older subjects.
While the present report summarizes research performed in male mice only, our current and future experiments now include both sexes, as sex differences in life expectancy and in pain have been recently emphasized across many species including human.
Conclusions.
We report here that aging did not affect cutaneous sensitivity, resulted in increased behavioural responses to tonic pain, decreased behavioural expression associated with chronic pain and altered supra-spinal plasticity during chronic pain in geriatric mice. While more studies are needed in geriatric animals, these data suggest that older mice experience or express tonic and chronic pain differently than young animals.
We therefore propose that pain knowledge obtained in young animals transfers poorly to geriatric animals and that inclusion of more geriatric animals in pre-clinical studies is needed to improve clinical relevance.
Legends. 
